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Synopsis We present the ﬁrst attempt for an analytical representation of the 15-dimensional potential energy
surface (PES) of the H+7 cluster. Such surfaces are of particular interest in studying the unusual dynamics and
spectroscopy of these cations. Diﬀusion Monte Carlo (DMC) and path-integral Monte Carlo (PIMC) simulations
based on this surface are employed to investigate the quantum eﬀect and structural ﬂuctuations of the vibrational
ground state of H+7 and its deuterated isotopomer.
Taking advantage of computational and
methodological progresses made recently in the
ﬁeld, and in particular the capabilities of the in-
variant polynomial method [1], it was able to con-
struct an accurate PES for the H+7 cluster [2].
The complete molecular symmetry group, of de-
gree 7!(=5040), is used, and the parametrization
of the potential is based on ab initioMP2 interac-
tion energies of about 170000 geometries of the
system, sampling the conﬁguration space of in-
terest up to energies of 50000 cm−1. The present
ﬁt is the most accurate and computationally eﬃ-
cient representation of the H+7 surface up to date,
and has motivated further theoretical studies on
spectroscopy and dynamics [3, 4]. In particu-
lar, just recently the infrared photodissociation
spectra for both H+7 and D
+
7 cations have been
measured [3], providing vibrational frequencies
for H–H and D–D stretches of the external hydro-
gen molecules. According to theory, these com-
plexes are best described as solvated-H+3 systems,
providing fascinating examples of vibrational dy-
namics, that should be investigated by full di-
mensional anharmonic quantum theory.
Thus, DMC and PIMC simulations (see top
panel of ﬁgure) are carried out [4] on the 15D
PES in order to study quantum anharmonic
eﬀects on the ground vibrational and thermal
equilibrium states of these systems. We found
that H+7 and D
+
7 are best described as a central
H+3 /D
+
3 core surrounded by two H2/D2 rotating
molecules. The classical approximation overes-
timates the rigidity of the H+7 , and quantum
ﬂuctuations aﬀect predominantly the rotations
of the H2 units. The inﬂuence of the low-lying
stationary points on the underlying surface is dis-
cussed and analyzed (see bottom panel of ﬁgure).
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Figure 1. Top panel: DMC (dashed lines) and
PIMC (ﬁlled circles) total energies as a function of
the number of replicas (M) and their extrapolation
to M→ ∞ (solid lines) for H+7 and H
+
5 +H2. Bot-
tom panel: Radial HH pair distribution function of
the thermal equilibrium states of H+7 at T=10 K,
and HH bondlenghts of the 1-C2v, 2-Cs and 3-C2v
stationary points of the PES.
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